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INFORMATION PROCESSING APPARATUS,
INFORMATION PROCESSING METHOD,
AND PROGRAM

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application claims the benefit under 35 U.S.C. § 371
as a U.S. National Stage Entry of International Application
No. PCT/I1P2019/025920, filed 1n the Japanese Patent Oflice
as a Receiving Oflice on Jun. 28, 2019, which claims priority

to Japanese Patent Application Number JP2018-157657,
filed 1n the Japanese Patent Oflice on Aug. 24, 2018, each of

which 1s hereby incorporated by reference in 1ts entirety.

TECHNICAL FIELD

The present disclosure relates to an information process-
ing apparatus, an information processing method, and a
program.

BACKGROUND ART

An apparatus that displays, on a display, a virtual sound
image that has been set by an acoustic system has been
described (see, for example, Patent Documents 1 and 2).

CITATION LIST

Patent Document

Patent Document 1: Japanese Patent Application Laid-Open
No. 2013-051686

Patent Document 2: Japanese Patent Application Laid-Open
No. 2011-259298

SUMMARY OF THE INVENTION

Problems to be Solved by the Invention

However, in the technmiques described in Patent Docu-
ments 1 and 2, a virtual sound i1mage 1s displayed on a
display or a three-dimensional video display device, and
therefore there 1s a limit to a wvisual eflect that can be
provided to a user.

It 1s an object of the present disclosure to provide an
information processing apparatus, an mformation process-
ing method, and a program that are capable of presenting a
listener (a user) with an acoustic visual eflect with a more
satisfactory realistic feeling or the like.

Solutions to Problems

The present disclosure 1s, for example,
an 1mformation processing apparatus mcluding:

a speaker array that includes a plurality of speakers, and
performs wavelront synthesis by using an output of the
plurality of speakers; and

a presentation unit that presents visual information 1ndi-
cating a state of waves on a wavelront formed 1n the
wavelront synthesis, or presents visual information based on
positional mnformation of a virtual sound 1image that has been
formed 1n a position that 1s different from a vicinity of the
speaker array 1n the wavelront synthesis.
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The present disclosure 1s, for example,

an information processing method including:

performing, by a speaker array including a plurality of
speakers, wavefront synthesis by using an output of the
plurality of speakers; and

presenting, by a presentation umt, visual information
indicating a state ol waves on a wavelront formed 1n the
wavelront synthesis, or presenting visual information based
on positional information of a virtual sound image that has
been formed 1n a position that 1s different from a vicimty of
the speaker array 1n the wavelront synthesis.

The present disclosure 1s, for example,

a program that causes a computer to perform an informa-
tion processing method including:

performing, by a speaker array including a plurality of
speakers, wavelront synthesis by using an output of the
plurality of speakers; and

presenting, by a presentation umt, visual information
indicating a state of waves on a wavelront formed 1n the
wavelront synthesis, or presenting visual information based
on positional information of a virtual sound image that has
been formed 1n a position that 1s different from a vicimty of
the speaker array in the wavelront synthesis.

BRIEF DESCRIPTION OF DRAWINGS

FIGS. 1A and 1B are diagrams that are referred to in
explaining processing performed 1n an information process-
ing apparatus that achieves a wavetront synthesis techmique.

FIGS. 2A to 2C are diagrams that are referred to 1n
explaining the wavelront synthesis techmque.

FIG. 3 1s a diagram for explaining an example of a
listener’s experience that 1s obtained due to the wavetront
synthesis technique.

FIG. 4 1s a diagram for explaining an outline of an
embodiment.

FIG. 5 1s a block diagram illustrating a configuration
example of an information processing apparatus according
to a first embodiment.

FIGS. 6A and 6B are diagrams that are referred to 1n
explaining an outline of a second embodiment.

FIG. 7 1s a block diagram illustrating a configuration
example of an mformation processing apparatus according
to the second embodiment.

FIG. 8 15 a diagram 1llustrating an example of a wavelront
image.

FIG. 9 1s a diagram that 1s referred to 1n explaining
processing for diving sound data into frames.

FIG. 10 1s a diagram 1illustrating an example of consecu-
tive wavelront images and an example of a wavelront video
in frame units.

FIG. 11 1s a diagram for explaining an example of a
method for generating a wavelront video 1n frame unaits.

FIG. 12 1s a diagram for explaining an example of fading
processing.

FIG. 13 1s a block diagram illustrating a configuration
example of an mformation processing apparatus according
to a third embodiment.

FIG. 14 1s a diagram 1llustrating an example of a wave-
front 1mage.

MODE FOR CARRYING OUT THE INVENTION

Embodiments or the like of the present disclosure are
described below with reference to the drawings. Note that
description will be provided 1n the order described below.
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<Wavelront synthesis technique>
<First embodiment>
<Second embodiment>
<Third embodiment>
<Variations>

Embodiments or the like that are described below are
preferred specific examples of the present disclosure, and the
content of the present disclosure 1s not limited to these
embodiments or the like.

<Wavelront Synthesis Technique>

First, an acoustic technique referred to as a wavelront
synthesis technique (hereinaiter also referred to as a wave-
front synthesis system) 1s described 1n order to make the
present technology easily understandable. In recent years,
the wavelront synthesis technique that enables new acoustic
experience by using a speaker array including multichannel
speakers has been attracting attention. This wavelront syn-
thesis technique 1s a techmique for physically controlling
wavelronts of sound 1n a space by controlling an amplitude
and a phase of each of the speakers of a speaker array.

Processing performed 1n an information processing appa-
ratus that achieves the wavelront synthesis technique 1s
schematically described with reference to FIGS. 1A and 1B.
Sound source data 1s mput to the information processing
apparatus. Sound source metadata includes sound data itself
and metadata describing a reproduction position or the like
of the sound data. Such sound source data 1s also referred to
as object audio, and 1s specified for each object (for example,
cach instrument, each animal, or the like) that corresponds
to a sound source. The information processing apparatus to
which the sound source data has been mput calculates a
reproduction signal. For example, the mnformation process-
ing apparatus compares the reproduction position included
in the sound source data with a position of a speaker array
in real time, and calculates which speaker will reproduce
sound data of each individual object with what amplitude, 1n
what phase, or the like. Therefore, the information process-
ing apparatus obtains a speaker signal for driving a speaker.
The obtained speaker signal 1s reproduced by a correspond-
ing speaker. A synthetic sound field 1s formed by sound
reproduced by speakers, and sound 1s reproduced according
to waveiront synthesis.

One example of acoustic experience that 1s enabled by the
wavelront synthesis technique 1s that a listener can perceive
a virtual sound 1mage that pops out of a speaker. Here, as
illustrated 1n FIG. 2A, a case where sound 1s desired to be
emitted from a position in front of a speaker (a position
closer to a listener) 1s examined. Normally, in a surround-
sound system serving as an example ol an acoustic system
using multichannel speakers, a listener that has heard sound
emitted from a speaker naturally feels that the sound has
been emitted from a position of the speaker. Furthermore, as
illustrated 1n FIG. 2B, 1n stereo reproduction using 2-chan-
nel speakers, wavelronts of sound interfere with each other,
and a non-uniform sound field 1s formed. Note that different
shades of color 1n FIG. 2B indicate a difference 1in sound
pressure, and a deeper color indicates a higher level of sound
pressure. The similar 1s applied to other drawings.

However, by employing the wavelront synthesis tech-
nique, an amplitude and a phase of a signal of sound emitted
from each of the speakers are appropnately controlled, and
therefore a wavelront indicating as 1f an object (a virtual
sound 1mage) that emits sound 1s present in front of the
speakers can be physically generated. Therefore, as 1llus-
trated 1n FIG. 2C, a listener perceives as 1f sound 1s emitted
from a position 1 front of the speakers. Note that the
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wavelront synthesis technique also enables a virtual sound
image to be disposed behind the speakers.

In general, this phenomenon 1s expressed as “a virtual
sound 1mage 1s localized 1n front of speakers™ or the like. A
technique for disposing a virtual sound 1mage that pops out
of a position that 1s different from actual positions of
speakers 1s one example of experience that 1s enabled by the
wavelront synthesis technique, and such new acoustic expe-
rience can be considered to open up experience possibilities
of art works or attractions of amusement facilities, or the
like. For example, as schematically illustrated in FIG. 3,
speaker arrays SPA1 to SPA4 including multichannel speak-
ers are disposed to surround a plurality of listeners L.
Amplitudes and phases of signals of sound emitted from the
individual speakers of the speaker arrays SPA1 to SPA4 are
controlled 1n real time, and therefore a virtual sound 1mage
VS can be localized 1n an appropriate position in such a way
that the listeners L. can hear sound from various directions.

The wavelront synthesis technique enables an acoustic
space to be generated as if an object that emits sound 1s
present 1n an area within a space where nothing 1s physically
present. Therefore, the wavelront synthesis technique 1s also
referred to as sound holography or the like. The wavelront
synthesis technique enables an experiencing person to
acquire a real existence feeling and a realistic feeling 1n such
a way that something 1s present in a space where nothing 1s
present. It can be considered that experience, such as a real
existence feeling, that can be acquired due to the wavetront
synthesis technique can be further expanded, if a visual
ellect 1s provided 1n addition to sound reproduction accord-
ing to the wavelront synthesis techmque. For example, an
cllect of lighting up a position of a virtual sound i1mage
enables a listener to further acquire a localization feeling of
the virtual sound image. Furthermore, the wavetront syn-
thesis technique uses a large number of speakers to visually
reproduce (visualize) a state of sound waves that would fail
to be generated by using a single speaker, and therefore a
listener can grasp a virtual sound i1mage by using both
hearing and sight.

It can be considered that a visual eflect of visualizing
sound waves does not only expand experience of a listener,
but 1s also useful in introducing or installing a wavetfront
synthesis system. Visualization of sound waves enables a
system 1nstalling person to recognize what wavetront will be
generated by the wavelront synthesis system, and this assists
a work relating to installation of calibration or the like.

Embodiments or the like of the present technology that
has been created 1n view of these points are described in
detail below.

First Embodiment

[Outline]

Next, a first embodiment 1s described. First, an outline of
the embodiment 1s described with reference to FIG. 4. Note
that the outline described below of the embodiment can be
applied to second and third embodiments.

As 1llustrated 1n FIG. 4, a speaker array SPA 1s disposed
in a certain space. A listener L 1s present 1 front of the
speaker array SPA (1n a sound emission direction). Sound 1s
reproduced according to the wavetront synthesis technique
by the speaker array SPA, and a virtual sound 1mage VS 1s
localized, for example, 1n front of the speaker array SPA (in
a direction closer to the listener L).

In an upper portion of the space 1illustrated 1n FIG. 4, for
example, a projection device PR that conducts a projection
display 1s provided. The projection device PR presents the
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listener L with a video of waves on a wavelront formed 1n
wavelront synthesis, for example, by conducting a projec-
tion display of the video on a floor. The listener L can view
the video of the waves on the wavelront that has been
displayed on the floor. Moreover, a realistic feeling or the
like that has never been experienced, as described above,
can be acquired in combination with the sound (for example,
music) reproduced by the speaker array SPA. Note that the
video of the waves 1s a video including peaks and bottoms
that expand two-dimensionally. Furthermore, the waves in
the video may be displayed to have colors, different shades
ol color, or the like according to a sound pressure distribu-
tion. For example, a portion having a higher sound pressure
may be displayed in red, and a display may be conducted in
such a way that color changes from yellow to blue as sound
pressure decreases. Furthermore, for example, a portion
having a higher sound pressure may be displayed 1n a deeper
color, and a display may be conducted in such a way that
color becomes lighter as sound pressure decreases.

| Configuration Example of Information Processing Appara-
tus|

Next, a configuration example of an information process-
ing apparatus according to the first embodiment (an infor-
mation processing apparatus 1) 1s described. FIG. 5 15 a
block diagram 1llustrating the configuration example of the
information processing apparatus 1. The mformation pro-
cessing apparatus 1 includes an mput unit 11, a speaker
signal calculator 12, a visual eflect calculator 13, a visual
information presentation unit 14, and a speaker array SPA.

The mput unit 11 1s an 1nterface that 1s provided between
the information processing apparatus 1 and an external
device. Sound source data 1s input via the mput unit 11. The
sound source data may be input to the mput unit 11 via a
network such as the Internet or a local area network (LAN),
or the sound source data may be 1nput to the mput unit 11 via
a recording medium such as a semiconductor memory or an
optical disk.

In the first embodiment, it 1s assumed that sound source
data that includes metadata describing a sound source posi-
tion or the like of each object and sound data of each of the
objects 1s mput to the mput unit 11.

The speaker signal calculator 12 calculates and deter-
mines a speaker SP that will reproduce the sound data from
among 1individual speakers SP that are included in the
speaker array SPA, or an amplitude, a phase, or the like of
the sound data that will be reproduced by the speaker SP, on
the basis of the content of the metadata included in the sound
source data. Stated another way, the speaker signal calcu-
lator 12 functions as an object audio renderer. The speaker
signal calculator 12 appropriately converts a digital signal of
the calculated speaker signal into an analog signal, and
supplies the analog signal to the speaker array SPA. The
speaker signal drives a corresponding speaker SP, and sound
that corresponds to sound data of an object 1s reproduced
according to the waveflront synthesis technique by the
speaker array SPA.

The visual effect calculator 13 performs various types of
calculation for providing a visual eflect based on the wave-
front synthesis technique. In the first embodiment, the sound
source data 1s supplied from the mput unit 11 to the visual
cllect calculator 13. The visual effect calculator 13 analyzes
the sound source data, and generates control information for
presenting a sound 1image position of each object, that 1s, a
portion of a position that corresponds to a virtual sound
image. Then, the visual eflect calculator 13 supplies the
control information to the visual information presentation
unit 14.
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The wvisual information presentation unit 14 presents
visual information based on positional information of a
virtual sound image to be formed 1n a position that 1s
different from the vicimty of the speaker array SPA 1n
wavelront synthesis, 1n accordance with the control infor-
mation supplied from the visual effect calculator 13. Here,
the visual information 1s information that can be visually
recognized. Furthermore, the vicinity of the speaker array
SPA means the speaker array SPA 1tself, or a range 1n which
a distance between the speaker array SPA and a virtual sound
image 1s less than or equal to a predetermined value. The
visual information presentation unit 14 may be a device that
conducts a projection display, may be a device that includes
a plurality of light emitting diodes (LEDs) and a control
circuit that controls light emission of the plurality of LEDs,
or may be a display device.

The speaker array SPA includes a plurality of speakers SP
(SP,, SP,, . . ., SP _, and SP, ), and performs waveiront
synthesis by using an output from the plurality of speakers
SP. Note that, in a case where individual speakers do not
need to be distinguished from each other, the term “speaker
SP” 1s appropriately used. The number of speakers SP can be
set to an arbitrary number (for example, about 500).
|Operation Example of Information Processing Apparatus]

Next, an operation example of the information processing
apparatus 1 1s described. Sound source data 1s supplied to the
input unit 11 of the information processing apparatus 1. The
sound source data 1s supplied to each of the speaker signal
calculator 12 and the visual etlect calculator 13. The speaker
signal calculator 12 calculates a speaker signal to be repro-
duced by the speaker array SPA, on the basis of the sound
source data. The speaker signal 1s supplied to the speaker
array SPA, and the speaker signal 1s reproduced by the
speaker array SPA. By doing this, a virtual sound image 1s
localized 1n a three-dimensional position that i1s specified by
metadata included 1n the sound source data.

On the other hand, the sound source data 1s supplied from
the 1input unit 11 to the visual effect calculator 13. The visual
ellect calculator 13 analyzes metadata of the sound source
data to determine a position of a virtual sound 1image, and
generates control information for presenting a portion of a
position that corresponds to the virtual sound 1mage. Then,
the visual effect calculator 13 supplies the control informa-
tion to the visual information presentation unit 14. The
visual information presentation unit 14 according to the first
embodiment presents a video based on positional informa-
tion of a virtual sound 1mage to be formed 1n a position that
1s different from the vicinity of the speaker array SPA 1n
wavelront synthesis.

Here, “based on positional information of a virtual sound
image” means to be based on a position of a virtual sound
image or a distance between the virtual sound 1mage and the
speaker array SPA. Accordingly, a visual effect obtained by
presenting visual information based on positional informa-
tion of a virtual sound 1mage 1s distinguished, for example,
from the visual eflects described below.

Visual eflect 1s fixed. Stated another way, presenting the
same visual eflect regardless of a position of a virtual
sound 1mage or a distance between the virtual sound
image and the speaker array SPA 1s distinguished from
a visual eflect obtamned according to the present
embodiment.

Visual eflect 1s presented under the assumption that a
distance between a virtual sound 1image and the speaker
array SPA 15 0, even 11 the distance 1s not 0. Specifically,
lighting up the speaker array SPA 1tself as a position of
a virtual sound 1mage means presentation under the
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assumption of a distance of 0, and this 1s distinguished
from a visual effect obtained according to the present
embodiment.

Note that a distance between a virtual sound 1mage and
the speaker array SPA can be calculated, for example, as
described below. Calculation described below as an example
1s performed, for example, by the visual effect calculator 13.
For example, as 1n the present embodiment, 1n a case where
metadata 1s input to the information processing apparatus 1,
a distance between a virtual sound 1mage and the speaker
array SPA 1s calculated on the basis of the speaker array SPA
and three-dimensional position data of the virtual sound
image that 1s described in the metadata. Note that the
specific content of the distance can be appropriately speci-
fied. For example, a distance to a point that 1s closest to a
position of a virtual sound 1image on the speaker array SPA
maybe specified as a distance between the virtual sound
image and the speaker array SPA. Alternatively, a distance
between a specilied portion on the speaker array SPA (for
example, the center of the speaker array SPA 1n which a
plurality of speakers SP linearly extends) and a virtual sound
image may be specified as a distance between the virtual
sound 1image and the speaker array SPA.

Furthermore, even 1n a case where metadata 1s not 1nput
to the information processing apparatus 1, a distance
between a virtual sound 1mage and the speaker array SPA
can be estimated. An example of the method 1s described
below.

A plurality of points 1s disposed as points 1n a space where
a virtual sound 1mage can be disposed. It 1s assumed that
these points are:

PuPols - - - pupe R3

It 1s assumed that a wavefront synthesis filter calculated
from geometric disposition of the speaker array SPA at a
time when a virtual sound 1mage 1s disposed at each of the
points described above 1s:

w,(k), w,(k), w,(k), ..., w(k)e C“. Note that k indicates
an 1mndex of frequency, and Q indicates the number of
speakers.

Here, when 1t 1s assumed that a drive signal of a speaker
SP (a speaker signal) 1s:

d(k)e C <, the optimization problem described below is
solved:

1

2
a'rglmn)(znd(k) — [Wl (k): Wz(k): nrsom Wﬁ(k)]x(k)“% + ?L> :(> :l-xfjklzl ,
i { i

and then,
W(1).x(2), . .. K ake Cr
1s obtained. (A set of x(1), x(2), . . ., X(K) 1s expressed as
X.)
Here,
x, & C

is an 1-th element of vector X(k). A is an appropriately set
parameter. This optimization problem can be solved by
using, for example, the M-FOCUSS algorithm. Details of
the M-FOCUSS algorithm are disclosed in S. F. Cotter, B. D.
Rao, K. Engan & K. Kreutz-Delgado, “Sparse solutions to

linear mverse problems with multiple measurement vec-
tors”, IEEE Transactions on Signal Processing, 33(7), 2477-

24838, 20057,
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Here, assume that:

_ >

When pieces of P, are arranged 1n a descending order, p,
(a point 1n the space) that corresponds to a larger 1 of P, 1s
a position of the virtual sound 1image. In a case where 1t can
be considered that a plurality of virtnal sound i1mages 1s
present, some largest pieces of P, are extracted, and therefore
a position of the plurality of virtnal sound 1images can be
estimated. A distance between a virtual sound 1mage and the
speaker array SPA can be calculated from a position of the

virtual sound 1mage and geometric disposition of the speaker
array SPA.

[Examples of Visual Information]

Examples of visual information that 1s presented to a
listener L. by the visual information presentation unit 14
according to the present embodiment 1s described. The video
described below as an example 1s presented to the listener L,
and therefore a visual effect, such as lighting up a position
of a virtual sound image, can be achieved. Note that the
visual information presentation unit 14 has a configuration
(an LED or the like) that corresponds to the example
described below.

The visual information 1s presented 1n at least one pre-
determined position of an upper side (for example, a ceil-
ing), a lower side (for example, a floor), or a space (for
example, between the ceiling and the floor) relative to a
sound emission direction of the speaker array SPA. Specific
examples are described below.

For example, lights such as an LED serving as an example
of a light emitting element are two-dimensionally disposed
in the floor and the ceiling. A light that corresponds to a
position of a virtual sound 1mage 1s put on, and therefore
visual information 1s presented.

For example, lights such as an LED are two-dimension-
ally disposed 1n the floor and the ceiling. A position of a light
to be put on 1s changed according to a distance between a
virtual sound 1mage and the speaker array SPA, and there-
fore visual information 1s presented.

For example, lights such as an LED are disposed 1n both
the floor and the ceiling, and a position of a light to be put
on and an amount of hight are changed according to a
position of a virtual sound 1mage or a distance between the
virtual sound 1image and the speaker array SPA. Therefore,
visual information 1s presented. Specifically, in a case where
a position of a virtual sound 1mage 1s located on the space,
lights that are located 1n an upward/downward direction of
the position of the virtual sound 1mage are put on. At this
fime, 1n a case where the position of the virtual sound 1mage
1s located closer to the upper side, a luminance of an
upper-side light may be increased, and a luminance of a
lower-side light may be decreased. In contrast, 1n a case
where the position of the virtnal sound image 1s located
closer to the lower side, the luminance of the upper-side light
may be decreased, and the luminance of the lower-side light
may be increased. By doing this, a listener L. can easily
recognize the position of the virtual sound 1mage on the
space.

For example, a string-shaped object including a plurality
of LEDs 1s prepared, and a plurality of objects 1s hung from
the ceiling. Then, a specified LED 1s put on 1n accordance
with a position of a virtual sound 1mage or a distance
between the virtual sound 1mage and the speaker array, and
therefore visual mnformation 1s presented. By doing this, the
position of the virtual sound 1mage that 1s present on the
space can be presented.
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For example, a certain object 1s projected and displayed
on both the floor and the ceiling in accordance with a

position of a virtual sound 1mage or a distance between the
virtual sound 1mage and the speaker array SPA, by using a
projector. Therefore, visual information 1s presented.

For example, a unit (for example, a spherical object) for
which a height changes under the control of the visual
information presentation unit 14 1s disposed. The height of
the unit 1s 1ncreased or decreased in accordance with a
position of a virtual sound 1mage or a distance between the
virtual sound 1image and the speaker array SPA. Therefore,
visual information 1s presented. The unit may emit light, or
may not emit light.

For example, a plurality of devices that emits a laser beam
1s disposed 1n at least one of the floor or the ceiling. Then,
a laser beam 1s emitted from a predetermined device 1n
accordance with a position of a virtual sound 1mage or a
distance between the virtual sound 1mage and the speaker
array SPA. Therefore, visual information 1s presented.

Note that a position of a virtual sound 1image according to
the wavefront synthesis technique can change 1n real time.
Accordingly, a position of visual information to be presented
can also change 1n real time. Furthermore, depending on
content to be reproduced, a plurality of objects (for each
instrument or for each animal) 1s included 1n some cases. In
these cases, visual information based on a virtual sound
image or the like for each of the objects may be presented.
The visual information based on the virtual sound 1image or
the like for each of the objects may be presented distin-
guishably, by changing color, display content, or the like.

According to the first embodiment described above, pre-
sentation 1s made 1n accordance with a position of a virtual
sound 1mage or a distance between the virtual sound 1image
and a speaker array. Therefore, experience with a realistic
feeling can be provided to a listener, and new acoustic
experience can be created.

Second Embodiment

Next, a second embodiment 1s described. Note that the
matters described 1n the first embodiment can be applied to
the second embodiment, unless otherwise specified. Further-
more, a duplicate description of a configuration that 1s the
same as or similar to the configuration described 1n the first
embodiment 1s appropriately omitted.

[Outline]

First, an outline of the second embodiment 1s described
with reference to FIG. 6. In the present embodiment, a case
where L sound sources (objects) are present 1s examined. For
example, as 1llustrated 1n FIG. 6A, a case where the sound
sources are a trumpet and a guitar 1s examined. Needless to
say, the sound source 1s not limited to sound of an 1nstru-
ment, and any sound source such as natural sound or a cry
of an animal may be employed. It 1s assumed that a sound
source position at each time of a sound source 1s r,(t), and a
signal of each of the sound sources i1s s,(t). Metadata
indicating a sound source position and sound data of each of
the sound sources are 1ncluded 1n sound source data of each
of the sound sources.

Then, as illustrated 1n FIG. 6B, a wavefront image 1ndi-
cating a state of waves on a wavefront 1s generated on the
basis of the sound source data of each of the sound sources.
For example, a wavefront video 1s generated by continu-
ously reproducing generated wavefront 1mages, and this
wavefront video 1s presented to a listener L. as visual
information indicating a state of waves on a wavefront
formed 1n wavefront synthesis.
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[Configuration Example of Information Processing Appara-
tus |

Next, a configuration example of an information process-
ing apparatus according to the second embodiment (an
information processing apparatus 1A) 1s described. FIG. 7 1s
a block diagram 1llustrating a configuration example of the
information processing apparatus 1A. The information pro-
cessing apparatus 1A 1ncludes a visual effect calculator 13A
1in addition to an mput unit 11, a speaker signal calculator 12,
a visual information presentation unmit 14, and a speaker
array SPA.

The 1nput unit 11, the speaker signal calculator 12, the
visual mformation presentation unit 14, and the speaker
array SPA have been described 1n the first embodiment, and
therefore a duplicate description 1s omitted. Note that, in the
second embodiment, a case where sound source data of each
sound source 1s mput to the mput unit 11 1s assumed.
(Visual Effect Calculator)

The visual effect calculator 13A 1n the information pro-
cessing apparatus 1A 1s described. The visual effect calcu-
lator 13A 1ncludes a wavefront image generator 131 and a
converter 132. The wavefront image generator 131 gener-
ates a wavefront 1mage on the basis of metadata of a sound
source. The converter 132 generates a wavefront video by
using wavefront images generated by the wavefront image
generator 131. Note that the converter 132 also generates
control information for reproducing the wavefront video.
The converter 132 outputs the wavefront video and the
control information to the visual information presentation
unit 14. The visual information presentation unit 14 con-
ducts a projection display or the like in accordance with the
control information to reproduce the wavefront video.

An example of a method for generating a wavefront
image that 1s performed by the wavefront image generator
131 1s described. When metadata {r,(t), s,(t)} of each of the
sound sources 1s obtained, a sound pressure distribution P(x,
f) 1n a space that 1s generated from the metadata can be
calculated according to Formula 1 described below.

|[Formula 1]

Por =y f glr—ry(x), t =T (2)d T
..

Note that 1t 1s known that the wavefront synthesis system
fails to reproduce sound waves 1n the entire frequency band.
In particular, 1n a high frequency band, spacial aliasing
occurs, and an actually generated wavefront 1s completely
different from a desired wavefront. Accordingly, 1n the
present embodiment, a frequency threshold {,,  1s provided,
and a wavefront 1mage of only sound waves 1n a frequency
band that 1s less than or equal to the frequency threshold 1s
generated. In Formula 1,

)

Sy

1s a signal of a sound source for which a band 1s limited by
using the frequency threshold 1, ..

Information obtained according to Formula 1 described
above 1s a sound pressure distribution on the space. There-
fore, a wavefront 1image can be obtained by conducting a
colormap display (a colored display) or the like of a value of
sound pressure or a range of the value. As described above,
a wavefront image generated by the system at each time can
be obtained from metadata of each of the sound sources.

FIG. 8 1s a diagram 1llustrating an example of a wavefront
image. The wavefront image 1llustrated in FIG. 8 1s an image
obtained by conducting a colormap display of a sound
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pressure distribution in the space that has been generated
from metadata of a sound source. A position of a virtual
sound 1image of the wavetront image 1llustrated in FIG. 8 1s
[0, 0.2, O]m, and a sound source signal 1s sine waves of
1000 Hz. The number of speakers SP 1s 16, and an element
spacing between speakers SP 1s 0.2 m. As the position of the
virtual sound 1mage 1s closer, color 1s deeper.

|Operation Example of Information Processing Apparatus]

Next, an operation example of the information processing
apparatus 1A according to the second embodiment is
described. Sound source data 1s supplied to the input unit 11
of the information processing apparatus 1A. The sound
source data 1s supplied to each of the speaker signal calcu-
lator 12 and the visual eflect calculator 13. The speaker
signal calculator 12 calculates a speaker signal to be repro-
duced by the speaker array SPA, on the basis of the sound
source data. The speaker signal 1s supplied to the speaker
array SPA, and the speaker signal 1s reproduced by the
speaker array SPA. By doing this, a virtual sound image 1s
localized 1n a three-dimensional position that 1s specified by
metadata included 1n the sound source data.

On the other hand, the sound source data 1s supplied from
the mput unit 11 to the visual effect calculator 13A. The
wavelront image generator 131 of the visual effect calculator
13 A analyzes the sound source data to generate a wavetront
image. The wavelront 1mage generator 131 supplies the
generated wavefront image to the converter 132. The con-
verter 132 generates a wavelront video, for example, by
combining wavelront images. Then, the converter 132 sup-
plies the generated wavelront 1mage to the visual informa-
tion presentation unit 14.

The wavelront video 1s presented to a listener L by the
visual information presentation unmit 14. For example, a
projection display of the wavelront video serving as an
example of visual information 1s conducted in at least one of
the tloor or the ceiling. Note that, 1n a wavelront video, more
specifically, presentation made to correspond to a sound
pressure distribution, an appropriate method, such as color-
ing, different shades of color, a combination thereof, or a
difference 1n intensity of vibration, can be employed.

According to the second embodiment described above,
sound waves can be visualized. Furthermore, a real exis-
tence feeling or a realistic feeling of presence of a listener 1n
a sound reproduction space can be improved.

[ Variations of the Second Embodiment]

Variations of the second embodiment are described. As
described above, a wavelront 1image at each time can be
generated on the basis of sound source data. A wavetront
video can be generated by continuously reproducing gener-
ated wavelront images. However, there 1s a possibility that
a wavelront video obtained by only continuously reproduc-
ing wavelront images will be a video that 1s difficult for a
listener to recognize. This 1s because speed at which a
wavelront of sound propagates in the air 1s about 340 [m/s],
and 1s too high for humans to visually recognize the wave-
front.

Accordingly, as an example, the processing described
below may be performed. First, as schematically 1llustrated
in FIG. 9, sound data of each sound source 1s divided into
frames. A length of each of the frames can be set to an
appropriate value, but 1s set to 200 ms i the present
example. It 1s assumed that a length of a frame 1s T[s].

FIG. 10 1s a diagram 1illustrating an example of consecu-
tive wavelront images. Furthermore, FIG. 10 1s a diagram
illustrating an example of a wavelront video 1n frame units.
As 1llustrated 1n FIG. 10, a wavelront video 1s generated in
frame units. Note that FIG. 10 1llustrates a wavetront video
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generated 1n frame units by using a single wavefront image
in order to prevent complicated illustration. However, the
wavelront video generated 1n frame units includes a plurality
(for example, ten) of wavelront 1mages.

An example of a method for generating a wavelront video
in frame units 1s described. As illustrated in FIG. 11, an
example 1n which a single frame includes, for example, 1024
samples of sound data 1s examined. A wavelront image that
corresponds to one sample of sound data can be generated.
Therefore, 1n the present example, 1024 wavelront images
are generated. A video obtained by multiplying a video 1n
one frame by a multiplication rate that enables a listener L
to easily recognize the video in the one frame 1n reproduc-
tion 1s generated. For example, from among the 1024
wavelront 1mages, first 10 wavelront 1images are used (a
multiplication rate of about 100 times (10/1024 times)), and
one frame unit of waveiront video includes the 10 wavelront
images. The one frame unit of wavelront video 1s repro-
duced. In practice, the 10 wavelront images of the 1024
wavelront images are reproduced, and therefore slow repro-
duction is performed. Note that the multiplication rate can be
set to an appropriate value. It 1s assumed that a length of one
frame unit of wavetront video 1s 2T]s].

Moreover, 1n the present embodiment, fading processing,
1s performed 1n order to obtain a waveiront video that 1s easy
for a listener L to perceive and 1s smoothly combined. As
illustrated 1n FIG. 12, a wavefront video 1n an n-th frame 1s
multiplied by a weighting coeflicient w(t), a wavetront video
in an (n+1)th frame 1s multiplied by a weighting coetlicient
v(t), and respective wavelront videos are added, and there-
fore a synthetic video 1s generated. The generated synthetic
video 1s presented as visual information to a listener L.

Processing for generating a synthetic video 1s described 1n
more detail. For example, it 1s assumed that a video 1n a g-th
frame 1s Vq(t) (0=t<2T). In this case, a synthetic video 1s
reproduced as described below:

Vap((g-DI+D)=((1-0)/ 1)V, (T+0)+/ 1)V, (),
(O=z<1).
By presenting the synthetic video described above as
visual information to a listener L., a wavetront video can be
presented to be easily recognized by the listener L.

Third Embodiment

Next, a third embodiment 1s described. Note that the
matters described 1n the first and second embodiments can
be applied to the third embodiment, unless otherwise speci-
fied. Furthermore, a duplicate description of a configuration
that 1s the same as or similar to the configuration described
in the first or second embodiment 1s appropriately omitted.
|Configuration Example of Information Processing Appara-
tus|

FIG. 13 1s a block diagram illustrating a configuration
example of an information processing apparatus according
to the third embodiment (an information processing appa-
ratus 1B). The information processing apparatus 1B includes
a visual eflect calculator 13B 1n addition to an input unit 11,
a speaker signal calculator 12, a visual information presen-
tation unit 14, and a speaker array SPA. In the information
processing apparatus 1B, a speaker signal calculated by the
speaker signal calculator 12 1s mput to the visual effect
calculator 13B.

The 1nput unit 11, the speaker signal calculator 12, the
visual mformation presentation unit 14, and the speaker
array SPA have been described 1n the first embodiment, and
therefore a duplicate description 1s omitted.
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The visual effect calculator 13B includes a wavefront
image generator 135 and a converter 136. In the third
embodiment, a function of the wavefront 1mage generator
135 1s different from a function of the wavefront image
generator 131. In the third embodiment, a case where
metadata 1s not mput to the input unit 11, that 1s, a case
where only sound data 1s mput, 1s assumed. Conceivable
examples of a situation 1mn which metadata 1s not obtained
include a case where the wavefront synthesis system does

—

not use metadata 1n the first place (a case where a signal of 10

a microphone array 1s directly converted into a speaker
signal and other cases), and a case where the wavefront
synthesis system 1s formed as a black box, and the metadata
fails to be accessed from the outside.

The wavefront image generator 135 generates a wavefront
image on the basis of the speaker signal calculated by the
speaker signal calculator 12. An example of this generation
method 1s described.

It 1s assumed that a drive signal of each speaker 1s x, (1),
and a signal obtained by limiting a band of the drive signal
by using a frequency threshold f,, _ 1s:

X A(T).

A sound pressure distribution P(r, t) in the space can be
calculated according to Formula 2 described below.

|[Formula 2]

Pr,n= ) f g =1y t =T, (D) T

A wavefront 1mage 1ndicating a sound pressure distribu-
tion at each time can be obtained on the basis of a drive
signal for each speaker SP at each time by using Formula 2.

FIG. 14 1llustrates an example of a wavefront 1mage
obtamned by conducting a colormap display of a sound
pressure distribution 1n the space that has been generated
from a drive signal of a speaker SP. In the illustrated
example, a position of a virtual sound source 1s [0, —0.2,
0]m, and a sound source signal 1s sine waves of 1000 Hz.
The number of speakers SP 1s 16, and an element spacing
between speakers SP 1s 0.2 m. As the position of the virtual
sound 1mage 1s closer, color 1s deeper.

An operation of another configuration 1s similar to an
operation 1n the i1nformation processing apparatus 1A
according to the second embodiment. Schematically
describing, the converter 136 generates a wavefront video on
the basis of wavefront images generated by the wavefront
image generator 131. The visual information presentation
unit 14 performs processing for presenting the wavefront
video.

Note that a generated wavefront image 1s slightly different
between FIG. 8 described 1in the second embodiment and
FIG. 14, although a position of a virtual sound source and a
sound source signal are the same. Specifically, in FIG. 14, a
portion where a wavefront has not been correctly reproduced
1s generated 1n a curved arc shape. In a case where a
wavefront 1mage 1s generated from a speaker signal, an area
where a wavefront 1s correctly generated changes according
to a calculation error of the speaker signal calculator 12, the
number of speakers SP (the number of elements), or the like.
In the example 1llustrated 1n FIG. 14, a correct wavefront 1s
generated 1n an area at the center front of the speaker array
SPA (near coordinates [0, —1.0, O]m), but a correct wave-
front 1s not generated 1n an area close to a predetermined
speaker SP (for example, near coordinates [—1.5, —0.25,

O]m).
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In such a case, correction processing for referring to a
peripheral sound pressure distribution and interpolating a
sound pressure 1n a portion where a wavefront has not been
correctly reproduced may be performed. As correction pro-
cessing, other known processing may be applied. The visual
effect calculators 13A and 13B may include a correction
processing unit that performs this correction processing.

Furthermore, whether or not correction processing will be
performed may be selected according to the purposes of the
wavefront synthesis system. For example, 1n a case where a
user of the wavefront synthesis system desires to check an
outline of a sound pressure distribution according to the
wavefront synthesis system, 1t 1s not necessary to reproduce
so accurate a sound pressure distribution. Accordingly, cor-
rection processing may be omitted. In contrast, in a case
where the wavefront synthesis system 1s used for the pur-
pose of entertainment 1n which a sound pressure distribution
1s visually presented to a listener L, 1t 1s preferable that an
accurate sound pressure distribution be reproduced. In such
a case, correction processing 1s performed.

According to the third embodiment described above, a
wavefront 1image can be generated on the basis of a drive
signal of a speaker SP even 1n a case where only the drnive
signal of the speaker SP 1s obtained. Then, a wavetront video
based on wavefront images can be presented. For example,
1in a baseball stadium or the like, sound 1s collected by using
multichannel microphones or the like, and sound data 1s
obtained. The speaker signal calculator 12 calculates a
speaker signal on the basis of the obtained sound data. By
presenting a wavefront video based on the speaker signal,
how a sound pressure distribution 1n the baseball stadium or
the like looks like can also be presented. A sound pressure
distribution 1n this case may be transmitted via a network,
and may be displayed on a display that 1s disposed to be
remote from the baseball stadium. The sound pressure
distribution may be displayed to be superimposed onto a
baseball relay broadcast or the like during broadcasting.
<Variations>

A plurality of embodiments of the present disclosure has
been described 1n detail above. However, the content of the
present disclosure 1s not limited to the embodiments
described above, and various variations based on a technical
1dea of the present disclosure can be made. Variations are
described below.

In the second and third embodiments described above,
processing that 1s similar to processing according to the first
embodiment, that 1s, presentation of visuwal i1nformation
based on positional information of a virtual sound 1mage,
may be performed.

In the embodiments described above, metadata included
in sound source data may describe other information. For
example, 1n a case where sound data 1s plane waves,
metadata may describe a direction of the plane waves.

Visual information obtained in processing according to
the embodiments described above may be stored, or the
visual information 1tself may be transmitted via a network or
the like. For example, visual information together with a live
video may be recorded 1n a recording medium, and the
visual information may be presented simultaneously with
reproduction of the live video.

The present disclosure can also be implemented by an
apparatus, a method, a program, a system, or the like. For
example, a program for achieving the functions described 1n
the embodiments described above can be downloaded, and
an apparatus that does not have the functions described 1n
the embodiments downloads and installs the program. This
enables the apparatus to perform the control described 1n the
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embodiments. The present disclosure can also be imple-
mented by a server that distributes such a program. Further-
more, the matters described 1n respective embodiments or
variations can be appropriately combined. Furthermore, the
content of the present disclosure shall not be construed as
being limited by the effects described herein as an example.

The present disclosure can also employ the configuration
described below.

(1)
An 1nformation processing apparatus including:

a speaker array that includes a plurality of speakers, and
performs wavelront synthesis by using an output of the
plurality of speakers; and

a presentation unit that presents visual information indi-
cating a state of waves on a wavelront formed in the
wavelront synthesis, or presents visual information based on
positional information of a virtual sound 1image that has been
formed 1n a position that 1s different from a vicinity of the
speaker array 1n the wavelront synthesis.

(2)

The information processing apparatus described in (2),

in which the visual information indicating the state of the
waves on the wavelront formed 1n the wavelront synthesis
includes a video of the waves on the wavefront.

(3)
The information processing apparatus described 1n (2),

in which the video of the waves on the wavelront 1s
generated by using a plurality of images of the waves on the
wavelront, the plurality of 1images being generated on the
basis of metadata included 1n a sound source.

(4)

The information processing apparatus described 1n (2),

in which the video of the waves on the wavelront 1s
generated by using a plurality of images of the waves on the
wavelront, the plurality of images being generated on the
basis of sound data included 1 a sound source.

()

The information processing apparatus described 1n (4),
turther including:

a correction processing unit that performs correction
processing on each of the plurality of images of the waves
on the wavetront.

(6)

The information processing apparatus described 1n any of
(2) to (),

in which the video of the waves on the wavelront 1s
generated by combiming videos of the waves on the wave-

front that each have been generated 1n predetermined frame
units.

(7)

The information processing apparatus described 1n (6),

in which each of the videos of the waves on the wavelront
that each have been generated in the predetermined frame

units 1s generated by slowly reproducing a plurality of
images of the waves on the wavelront, the plurality of
images being generated 1n the predetermined frame units.

(8)

The information processing apparatus described in (6) or
(7),

in which the video of the waves on the wavelront 1s

generated by combining videos each obtained by weighting
and adding the videos of the waves on the wavetront that
cach have been generated 1n the predetermined frame unaits.
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©)

The information processing apparatus described 1n any of
(1) to (9),

in which the positional information of the virtual sound
image includes a position of the virtual sound 1mage or a
distance between the virtual sound 1mage and the speaker
array, and

the presentation unmit presents visual information that
corresponds to the position of the virtual sound 1mage, or
visual information that corresponds to the distance between
the virtual sound 1mage and the speaker array.
(10)

The information processing apparatus described 1n (9),

in which the presentation unit presents the visual infor-
mation 1n at least one predetermined position of an upper
side, a lower side, or a space relative to a sound emission
direction of the speaker array.
(11)

The information processing apparatus described in (9),

in which the presentation unit presents the visual infor-
mation by conducting a projection display or causing a
predetermined light emitting element to emit light.
(12)

The information processing apparatus described 1n any of
(1) to (11), further including:

an input unit to which the sound source 1s nput.
(13)

An mformation processing method including:

performing, by a speaker array including a plurality of
speakers, wavelront synthesis by using an output of the
plurality of speakers; and

presenting, by a presentation umt, visual information
indicating a state ol waves on a wavelront formed 1n the
wavelront synthesis, or presenting visual information based
on positional information of a virtual sound image that has
been formed 1n a position that 1s different from a vicimty of
the speaker array 1n the wavelront synthesis.
(14)

A program that causes a computer to perform an infor-
mation processing method including:

performing, by a speaker array including a plurality of
speakers, wavefront synthesis by using an output of the
plurality of speakers; and

presenting, by a presentation unit, visual information
indicating a state ol waves on a wavelront formed 1n the
wavelront synthesis, or presenting visual information based
on positional information of a virtual sound 1mage that has
been formed 1n a position that 1s different from a vicimty of
the speaker array 1n the wavelront synthesis.

REFERENCE SIGNS LIST

1, 1A, 1B Information processing apparatus
11 Input unit

12 Speaker signal calculator

13, 13A, 13B Visual effect calculator

14 Visual information presentation unit
131, 135 Wavelront image generator

132, 136 Converter

SP Speaker

SPA Speaker array

The mvention claimed 1s:

1. An information processing apparatus comprising:

a speaker array that includes a plurality of speakers, and
performs wavelront synthesis by using an output of the
plurality of speakers; and



US 11,743,676 B2

17

circuitry configured to control presentation of visual
information indicating a state of sound waves on a
wavelront formed 1n the wavelront synthesis, or pre-
sentation of visual information based on positional
information of a virtual sound i1mage that has been

formed 1n a position that 1s different from a vicinity of

the speaker array 1n the wavelront synthesis, wherein
the visual information relating to the sound waves or to
the virtual sound 1mage i1s projected by a projection
device onto a surface 1n front of the speaker array as a
projection display and wherein the projected visual
information represents sound waves that emanate from
a position on the surface aligned with a position of the
virtual sound 1mage.

2. The mmformation processing apparatus according to
claim 1,
wherein the visual information indicating the state of the
waves on the wavelront formed 1n the wavetront syn-
thesis includes a video of the waves on the wavetront.
3. The nformation processing apparatus according to
claim 2,
wherein the video of the waves on the wavefront 1s
generated by using a plurality of 1images of the waves
on the waveltront, the plurality of images being gener-
ated on a basis of metadata included 1n a sound source.
4. The information processing apparatus according to
claim 2,
wherein the video of the waves on the wavetront 1s
generated by using a plurality of 1images of the waves
on the wavelront, the plurality of images being gener-
ated on a basis of sound data included 1n a sound
source.
5. The nformation processing apparatus according to
claim 4,
wherein the circuitry 1s further configured to perform
correction processing on each of the plurality of images
of the waves on the wavelront.
6. The information processing apparatus according to
claim 2,
wherein the video of the waves on the wavefront 1s
generated by combiming videos of the waves on the
wavelront that each have been generated 1n predeter-
mined frame units.
7. The nformation processing apparatus according to
claim 6,
wherein each of the videos of the waves on the wavelront
that each have been generated in the predetermined
frame units 1s generated by slowly reproducing a plu-
rality of images of the waves on the wavelront, the
plurality of images being generated in the predeter-
mined frame unaits.
8. The mmformation processing apparatus according to
claim 6,
wherein the video of the waves on the wavefront 1s
generated by combining videos each obtained by
weighting and adding the videos of the waves on the
wavelront that each have been generated 1n the prede-
termined frame units.
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9. The information processing apparatus according to
claim 1,

wherein the positional information of the virtual sound

image 1ncludes a position of the virtual sound 1mage or
a distance between the virtual sound image and the
speaker array, and

the circuitry 1s configured to control presentation of visual

information that corresponds to the position of the
virtual sound 1mage, or visual information that corre-
sponds to the distance between the virtual sound 1mage
and the speaker array.

10. The information processing apparatus according to
claim 9,

wherein the circuitry 1s configured to control presentation

of the visual information 1n at least one predetermined
position of an upper side, a lower side, or a space
relative to a sound emission direction of the speaker
array.

11. The mformation processing apparatus according to
claim 1, wherein the visual information 1s projected onto a
floor or a ceiling.

12. An information processing method executed by cir-
cuitry, the method comprising:

controlling wavelront synthesis by using an output of a

speaker array including a plurality of speakers; and

controlling presentation of visual information indicating a

state of sound waves on a wavelront formed in the
wavelront synthesis, or presentation of visual informa-
tion based on positional information of a virtual sound
image that has been formed in a position that 1s
different from a vicinity of the speaker array in the
wavelront synthesis, wherein the visual information
relating to the sound waves or to the virtual sound
image 1s projected by a projection device onto a surface
in front of the speaker array as a projection display and
wherein the projected visual information represents
sound waves that emanate from a position on the
surface aligned with a position of the virtual sound
image.

13. A non-transitory computer readable medium storing
instructions that, when executed by processing circuitry,
perform an information processing method comprising:

controlling wavelront synthesis by using an output of a

speaker array including a plurality of speakers; and

controlling presentation of visual information indicating a

state of sound waves on a wavelront formed in the
wavelront synthesis, or presentation of visual informa-
tion based on positional information of a virtual sound
image that has been formed in a position that is
different from a vicinity of the speaker array in the
wavelront synthesis, wherein the visual information
relating to the sound waves or to the virtual sound
image 1s projected by a projection device onto a surface
in front of the speaker array as a projection display and
wherein the projected visual information represents
sound waves that emanate from a position on the
surface aligned with a position of the virtual sound
1mage.
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